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ABsTRAcr

A data collection system for obtai.ntng information which can IMusal to help dctcrm.inc the
reliability and availability of future !ukm pvar plMts has bean installed&t the Ia Alarms

National LaJxxatory’s Tritium syttc~ Tat ~ssumbly (TWA). Failure and mai.ntenmcc data

on componenb of TSTA’s tddu.m syttema IMvcbeen collected since 1984. The fuxs of the data
CO~CdiOIl has bom ~A’s Trirhm Wastu T’rmmnt System -, which has rnai.ntai.nd high
availability since it k- e~ in 1982. ?XtS COllactim is SW in progress ad a totsl of

291 fdw~~mh titiakd~a~w tiWh,470fwMh ~timtiem,

INTRODUCIION

Failure data dysis Puch M W dmcribed hcra is performed to support fusion design

efforts such as the Com~t Ignition Tokams!c (CIT) and the International ?lmrmonuclear
Expcrim.crIcalReactor (HER). Risk and rcl.ia~ilky am.lysec need the tuppcm of fai.lw rate data

to quantify remdts. &ly, fusion expmimunt failure d.maSMn~ rigorously collected, At
this stAge in fusion ~h, there m more prming dem.nnds for limited funds at e~pcrimenta.1
facilities, However, w these e%pdm~b brgin to use nmmily radioactive tritium fuel, govem-

mcnt regulations for Sde WZlgc WKl COfItrOl of tritium will apply. This crestu A need for
fscility risk usussment to pIWU thatthe public is ~ted fmm undue radhlon hazards,
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T=A beurrieopcnfiond in 1982 fortk tdng and mah.ationof theprmeasu and
equipment fa IuKUillg b dcutcrilun lad trithlm fuel d the eXhm18tga8a from a magnetic

fu.sicm~. * ~A in a fully-integmtc4 full-s- computi+mtrol.lti fwion fuel prmcss-

ing lwp. Tk mill _ loopalXtau%hy systeInsamh owllin Figuml.2

LE3-l -

Within the @ flow loop of TSTA, gmes which si.muka the effluent from a ~gdc futjon

reactor am sent through tie Vacum SYstam m be ~sed in the Fuel Clauup Un4 and the
Isotonc Separation System. me waste guea h kq opemion d from non loop expcrimentt

am handled by the ~ ‘- tk cfilu~~ $M ~titi~ Oy#@m, A flow diagmn fw tlm TWT ip
shown in Flgu.m 2. The lm h a mture tih.nobgy bed on hilar system that have oper-
ated for over ten yam. It necda to md.nti d hu mdnta.i.rd high mailability 24 hours per

day, 365 days per year and it conmh many components M are identical to thrxe being used in



Fig, 2 Flow diagram for the Tridum Wasre Trcmmmt System

other trif.iumsystems. Therefore, the effort of data collecting for the fai.lu.rdma.i.ntcnancedata at
T~A has been conccnnted on the TWT.

TSI A’s cVCntti cOkdOn Syt&Itl hA8b in p- for 4 )WU8 and isadminiatcrd by a
Quality Assur8ncc Spd.ht ~cigTId tO tk progracm A failure report form it filled out when-

ever a component of thf ‘IWT or a compcmcnt of mother TSTA system fails or need major

adjustment A k@cond FM of the f- dotig the cOmective acdon taken is completed during
or im.mcd.iatcly* the Iep9.Wreplacment of the failed compcnmm All of this infcmndon is
input to the failurdtitenance dAtabue u it is received.

THE FAILURWIWAINTENA.!ICE DATA BASE

The failu.rdndntcna.nc-e data #yttcm at TSTA is bated on the Ccntmlizcd Roliabilk-y Data

Organization (CREDO),3 a system developed at Oak Ridge National Laboratory, CREDO’S
development as a nadona.1relhbillty *M bsse Md data analysis center for advanced fission
reactors was ht.kiated in 1978 and is funded by the U.S. Department of Energy, CREDO wat
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selected as the basis for a ftihu-#rnaiatcnancc data system for tiion after consideration by the
informal Fusicm Availability Worhg GToup under the auspica of the U.S. DOE, It is a
component-orkntcd data b= which was implemmtcd at TSTA using an IBM PC. The original
objectives of the CREDO pojet at TSTA included:

o Adapting CREDO for usc in fusion availabilityhdiability pmgm.ms

O Prognunming the data base on h IBM PC with Knowlcdgcrrw software
o COllmtig theapp@tcd.ata Ondw TWT@
o Testing the adapted dam base with the ‘ITVT data

Only minor changes in the original CREDO data collection forms were made to make the forms
usable for fusion qystem.s,

The IBM PCwas pmgmmrd using logical tables that were setup to hold the data.4 Three

types of data arc entered into the data base. They arc: cnginuxing claQ cvtnt data and compo-
nent data. The engineering data ckcribcs each component of a system as fully M possible by

involvi,(g a one-time submission cf data on a component using a uruque idcn~ing number that
tracks that component through its l.ifetim. The event data dcscnbcs -h reportable event or
fa.ikrc in a system and w a miquc event report numk. A repatabk event or failu.m includes
unscheduled repair or maintenamx, necessary repah or rcplacemnt during scheduled rnain-

tcnance, and any unanticipated change in normal oprating conditions due to a component
failure. The operating data is a quarterly report showing opcratinq time for the entire facility.

Component opaating time estimates arc made fkom tkc overall Iacility vslues.

After the engineering (component) data arc collected on a system, event data reports bc-

comc the focus of the effort for collection of fai.lurchnai.ntcnance data At TWA, tw o-part event
data forms arc stmtcgicsd!y pkd in holkrs throughout the facility, so when a reportable event

occurs, the forms can be easily wad by the ~tor involved in the event. Part 1of the form
is fil!ed out whenever a component of the ~ or a component of another T~A system fails or
needs major adjustmcn~ When the Mid repml is completed as much as pomible, it k put back
into the holder. The QuaUcy As8urancc Spiali8t picks theac up daily, assigns a sequential

rcpm numtxx, and enters the initial data on the event into the data base, thus completing the
failure data collection porthn of the process. Part II of the form details the corrective action

taken on the problerm This is ftie-d out during or immediately titer the repair/mplacemcnt of the
failed compomm Then, the QuditY Asstmmcc specialist picks up part II of the form md entcxa
the informdcm irIto the dati base. K tie information on the event is complete, the fallurc report
is *crnwd “closed.” If it is incomplete. it is termed “open” and returned to the appropriate prson-

nel !0 complete,
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Data collection has yielded a total of 291 failure reports collected over a pcricd from

Januaq 1, 1984 tolkernb 31, 1987. Ofthcscmporta, 47 arc fim the ‘TWI’system. An
initial data analysis is being pcrfcmncd in coopation with the Fusion Safety program (HP) at
the Idaho National Engineering Laboratory. Table 1 gives a summary version of selected TWT

failure event repolls.

The failure reports for tritium monitors and motor+qmmd valves (MOV’S) together
comprise over half of the ~ reports; themforc, attention was fmt directed to these conpo-
ncnts for failure rate calculations. Table 2 gives the preliminary results for tritium monitor and
MOV failure rates by failure mode.

As seen thm Table 2, the TSTA-specific values c~mparc closely to the cited generic failure

ratcs5 in some cases and porly in others. A C1OSCcomparison was not sough~ only an order of
magnitude estimation to a set of accepted data. The l’WT valves and radiation monitors arc not
expected to compare closely with the gcnuic com~ncnts due to differences in design, applica-
tion, and cnvironmcnt-

A certain variability in early qmrti.ng was noted in the TSTA data, which may lead to
arlificiti failure mtes from the small number of repmta submitted and the operating time es-
ti~tCS. AS TSTA -tc$ ]Ong= and the data base COIltiUCS tO @W, stabilized fadurc ~tCS
with small error bounds will be attained and these values will be important to FSP accident
analyses and risk assessments for future fusion facilities.

It is noteworthy tha~ because of appropriate redundancy snd fail-safe facilitv desigr, the
failures reported in Table 1 (md all other f’a.ilurca)have added insi~lcantly to cnviromnental

rclcams of rritiurn or doses to personnel at TSTA. As evidence, in 4 yeara of operation with

large quantities of tritium, TSTA’s titium release in all forms to the environment has totaled 38

Ci and its personnel dose to all workers hM totaled le$a than 12S person tnRcmi6 This record is
far Ma than regulatory requirements and is excellent by rny standard,
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Table L TWT System failure data summary for MOV’S and tritium monitors.

Number of Component Failure Causet Component
TWA reprts of interest Failure Mode

2

3

1

1

1

1

1

1

1

6

1

2

1

valve

valve CA 1

valve MSA1
valve MSA4

valve CA1

sampling
valve

sampling
valve

valve CA 1

valve LFR3

tritium
monitor

tritium
monitor

tritium
monitors
(all 4 units)

tridum

monitor

aitium
monitc-

ekctrical failure

unclassifiable cWSe

unclassitlablc cause

Imsc connections

foreign matuial
inausion (oil)

foreign materkl
intmsion (dirt)

unclassifiable cause

unclassifiable cause

short circuit

unclassi.flablc cause

unclassi.!lable cause

short cimuit

bmb~n ~~

fail to open

fail to open

fail to opratc

as required

fail to open

fail to open

fail tc open

fail to operate

aa required

fail to close

incorrect ‘
reading

incorrect

reading

not cited

no
reading

no

reading

‘causes arc taken from Root GUWU of Component Failurm Fmgram:
Methods and Applications, NUREWCR-4616, EwX3-2455, lkcember, 1986,
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Initial failure ratca for selected WI’ components (MOV’S and titiurn monitors)
ad genericfailure raks.

Component Failure mcdc FaiJurc rak EITor bounds

—

I. TSTA tritium
monitor

IEEE Std 5m

ion chambcrb

IL TSTA motor
operated valve

IEEE Std 5(XI
motor opratcd

Valvec

incorrectreading 5.1 x lo-5/hour

no reading 2.2 x los.’hour

all modes 3.87 X lo+/hour

fa.i.ltoopn 1.0 X 104/dcrnand

fail to operate 3.9 X 10%ern.and

fail to open 2.5x104/demand

fail to opatc 1.0x105/dcma.nd

a8 required

l.1,1.la

1.4,1.6

1.5,1.7

1.3,1.4

2.0,3.0

5,2

5,2

‘the fiit listed error bound is tic UP Itit ftiufc rate divided by tk given point estimate rate.

The second ~StCd ex70r bOUnd is the ~~t of tie PCdntWi.mate fa.ihrc rate divided by the 10WCr

bound failure rate.

bfEEZ Std-500, page 611.

C!EE.EStd-500, page 431.
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CONCLUSIONS

Since initiation of this failure data collection program in 1984, much progress has been
made. The system is now working well by c~tion of the Quality Assumnce Specialist and
the operations staff. Useful data arc being collected and stored in a rcticvzble and searchable
computer forrna4 and plans for the futi ~cludc expanding the system as resources prrn.it to
include Emergency Tritium ChIup SyStCITIco~t data

The data collected is valuable both to the Txitiura Systems Test Assembly and to the fusion

community. Internally, a good tractig system for component failures promotes better facility
operation. Idcntilction of rcctig ~ublc areas for special attention and i.mights to “generic”
compmcnt problems all support increased facility availability and safety. Tlwse advantages aid

the Opclations staff.

The fusion community benefits from the TSTA data collcctioa pmgrarn in the form of

support for accident analysis ~d risk a.sscssmmt quantification, and initiating event +ecuon.

‘l%eTSI’A data will k useful for the Cm Prclhinary Safety Analysis Report and prhaps
for lTER. other scientific research facilitim that deal with tritium can also befit from this type

of information.

T~A management views the release of failure reprta as a basic output of its work and a

contribution to the fiSIOn CO~Utity. WS Cd f~ COI’IdnUEdOn of this w6ti Ud sharing
failure data is no longer productive.
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